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INTRODUCTION 


The purpose of the electronic analog model water budget study of 
the Sevier River Basin was to assist in determining the impacts of 
soil and water conservation projects on river flow as well as on hydro- 
logic conditions within study areas. These effects were analyzed under 
various levels of water supply. 


The river basin was subdivided into study areas as small as possible 
for this analysis but with divisions still occurring at established 
streamflow gaging stations. These gaging stations were necessary refer- 
ence points required for calibrating the analog model. For programming 
convenience, each study area was divided into two segments: (1) the 
valley, made up of the irrigated rotation cropland and the wetland area, 
and (2) the tributary watershed, comprising the remainder of the area. 
Watersheds lacking sufficient hydrologic data and significant water use 
activity were not studied. Map 1 shows the Sevier River Basin study 
area and Map 2 locates the analog model study area. 


A consecutive series of recent years were programmed, generally 
1960 through 1963, in order to minimize the effect of inaccurate assump- 
tions of antecedent hydrologic conditions. However, the study period 
varied from area to area depending on the data available. In areas 
where adequate specific year information was lacking, the data devel- 
oped for the average annual water budgets were used. To obtain differ- 
ent levels of water supply for these areas, the average water supply 
was adjusted on a frequency basis to represent wet (20 percent chance) 
and dry (80 percent chance) conditions. 


BASIC DATA COMPILATION 


Monthly precipitation, in inches, was obtained from the U.S. 
Weather Bureau Climatological Data for the station(s) within each 
study area. These precipitation values, or the weighted average if 
there were more than one station, were adjusted as necessary to repre- 
sent the average occurring over the valley segment of the study area. 
The average precipitation over the tributary watershed area was de- 
termined in a similar manner using records of snow courses and storage 
gages. 
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Mean monthly temperature, in ° F, was obtained from the U.S. 
Weather Bureau Climatological Data and adjusted to represent the average 
over the valley area. In order to determine the mean temperature for 
the tributary watershed area, it was necessary to ascertain the mean 
elevation and use a lapse rate of =3,5° F per 1,000™f00t tateeetn ele- 
vation to adjust the valley temperature. 


Monthly water surface evaporation, in inches, for each year 
studied was determined using records of nearby U.S. Weather Bureau pan 
evaporation stations and adjusting them as necessary to represent the 
evaporation from water surfaces. The evaporation study described in 
Appendix I, Climate, was used to fill in months having no record, and 
to provide useable values in areas where no satisfactory record was 
available. 


The monthly percent of daytime hours was obtained from the Smith- 
sonian Meteorological Tables, 1951, for the average latitude of the 
area. These factors do not change from year to year. 


The monthly vegetative growth stage coefficients (k,) were deter- 
mined as described in Appendix IV, Water Budget Analysis. For the non- 
growing season period of annual crops, a monthly coefficient of 0.25, 
corresponding to bare ground evaporation, was used. Equipment limita- 
tions required using a consolidated ke for the wet area which was 
obtained by weighting the individual coefficients. Growth stage co- 
efficients for mountain vegetation were not developed. For this study, 
grass pasture was used as an approximate monthly k, for the tributary 
watershed area. 


U.S. Geological Survey surface water records were used to compile 
the monthly river inflow and outflow, in acre-feet, for each area and 
year studied. Canal and groundwater flows bypassing the river gages 
were determined and added to the gaged flow to obtain the total in- 
flow and outflow. 


Monthly canal diversions from the river, in acre-feet, were com- 
piled from the Sevier River Commissioners' reports. Water supplies 
from wells were estimated from irrigation company records, electrical 
energy consumed by pumping, or well yield as determined by U.S. Geologi- 
cal Survey test pumping or flow measurements. Canal and well diversion 
to root zone irrigation efficiencies for present conditions were used 
as developed for the average annual water budgets. 


The total acreage of the modeled area was grouped into either 
tributary watershed area, rotation cropland area, or wet area. Each 
of these areas were further subdivided by vegetative type, water 
surfaces other than major reservoirs, and bare ground within the rota- 
tion cropland area and wetland area. Major reservoirs were investi- 
gated separately. The bare ground acreage was deducted from the study 
area on the assumption that there was an annual balance between precipi- 
tation and evaporation. In areas where there was considerable bare 


ground over a shallow water table, the evaporation loss was computed 
and consolidated with the rest of the wetland area. 


Determination of the root zone soil moisture storage capacity in 
acre-inches per acre for the rotation cropland area and the tributary 
watershed area was based on the water holding capabilities of the soils 
and rooting depths of the vegetative types. The water in root zone 
storage in the tributary watershed area at the beginning of a study 
period was considered as the excess of precipitation over consumptive 
use for the months immediately preceding where the mean monthly tempera- 
ture exceeded 28° F. Rotation cropland root zone storage at the begin- 
ning of the study period was taken from the average annual water budgets 
and adjusted to conform to the relative wetness or dryness of the previ- 
ous historical year. 


Snow storage was considered only on the tributary watershed areas. 
Antecedent snow storage for the first year of the study period was 
taken as the total precipitation of the months immediately preceding: 
where the mean monthly temperature was below 28° F. 


ANALOG MODEL PROGRAMMING TECHNIQUES 


The physical appearance of the Sevier River Basin Analog Model is 
shown in Figures 1, 2 and 3. The captions to these figures briefly 
describe the components and their general function. For a more detailed 
description of the model, see the Utah State University Water Research 
Laboratory report RPWG 25-1 entitled, "The Development of an Electronic 
Analog Device for Hydrologic Investigations and Conservation Planning 
in the Sevier River Basin." 


Cieeudte Diagram Design 


During the original development of the analog model, the methods 
of simulation and the circuitry were devised for such hydrologic factors 
as precipitation, runoff, snowmelt, consumptive use, soil moisture 
storage, and change in groundwater storage. Later programing for each 
study area required only the design of interconnections of the individual 
circuits to best represent the conditions in each area. A flow chart 
or circuit diagram was drawn using the generally accepted analog computer 
symbols and notations (Figure 4). In each area, it was also necessary 
to estimate the ratio of surface water to groundwater tributary runoff 
and that portion of the surface runoff actually diverted into the irri- 
gation systems. The routing of the groundwater portion of the tributary 
runoff and the irrigation losses were determined using available informa- 
tion. 


Experience with the first few models for Sub-basins E and F showed 
that the inadequate data for the water yielding area and the limited 
amount of analog equipment forced the computed tributary yield to conform 
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Figure 1 - Sevier River Basin Investigation Analog Model showing 
the amplifier racks (3), the main control panel, the input 
potentiometer panels, and the plotter. B-1155-14 











ce ie le Ore oa 2 
766: @G¢: ae ‘€@:6§ 
wis é : a ee sayin 


ie 
ls @- se eo @:.. ‘@ e eo @: 
Figure 2 - The plotter used to record the output of the SRBI Analog 

Model. Items plotted are for Panguitch Valley for 1961; upper left is 
River Outflow, upper right is Cropland Soil Moisture Level, lower left 
Contents of a Proposed Reservoir and lower right is Cropland Potential 


Consumptive Use. B-1155-12 
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with predetermined estimates of this value. Therefore, it was no better 
than the yield estimated from water yield maps. Thereafter, the yield 
map runoff data was ‘used as an input item and the available analog 
equipment was used to model the cropland and wetland portions of the 
study areas. This was the case for the models of Sub-basins B, C, D and 
the combined model of Sub-basins A, C and D. 


Model Scaling 


Two types of scaling were considered; time scaling and magnitude 
scaling. Time scaling relates machine time to real time. This was 
accomplished in the original development of the machine with one second 
of machine time representing one month of real time. Magnitude scaling 
relates voltage to the units of the actual data. As + 50 volts was the 
maximum allowable, the voltage at all points within the model were kept 
within this range to prevent overloading of the amplifiers and result- 
ing introduction of errors into the program, 


The basic data was scaled so that the maximum monthly value of 
each variable was represented by a voltage as near to as possible, but 
not exceeding 50 volts, and still provide a convenient scale factor. 
(eq. .0svolts)= | inch, 1 volt = 1000 ac. ft., etc.). The equation 
used in scaling the basic data was: 


oh fe 50 volts x 
| *max| 


where: x is the value of an item of data, 


| *max|is the absolute value of the maximum 
expected for this item, 


and x is the voltage representing x in the model. 


Another phase of magnitude scaling within the model was converting 
from-one unit to another and one scale to another so that variables be- 
ing summed were in compatible units and scales. The adjustment factor 
required to produce this compatibility was made up of an amplifier gain 
and a potentiometer setting, if needed. This adjustment factor was 
determined using the following series of equations: 


ae 


yey 


BG 


ifs 
Ml 


Adjustment factor = 


where x is the value of the variable before adjustment, 


~ | 


is the voltage representing x, 
y is the equivalent value of x in the new units, 


is the voltage representing y, 


<I 


B is the potentiometer setting (O<BH1) 


and, G is the gain of the amplifier and is equal to the ratio of 
the feedback resistance or capacitance to the input re- 
sistance. 


MODEL CALIBRATION 


After the model was wired in accordance with the circuit diagram 
of the study area under consideration, the voltages representing each 
item of input data and initial conditions for the first year of the 
study period were set on the model by adjusting the appropriate poten- 
tiometers. In the actual calibration process, the measured outflow was 
first plotted as a standard of comparison. The outflow, as determined 
from the analog model, was then plotted and compared with the measured 
values on a monthly and annual basis. The differences between the two 
graphs were noted and the necessary adjustments of the estimated factors 
in the program were made so that the computed outflow agreed as closely 
as possible with the measured outflow. All adjustments were made using 
sound hydrologic principles so that the model became a better repre- 
sentation of the hydrology of the study area with each adjustment. 


When one year was adjusted as best it could be, the next year was 
set up and adjusted. This process was continued until the entire series 
of years could be plotted with no further adjustment. The model was 
then considered calibrated even though an individual month's outflow 
may not agree exactly with the measured outflow. This disagreement was 
due to errors inherent in the basic data and equipment as well as the 
inability to exactly model the hydrology of a study area. 


PROJECT EFFECT EVALUATION 


To determine and evaluate the effects of possible soil and water 
conservation projects, the input and initial condition data for the 
first year of the study period were again set up on the analog model. 
In order to provide a reference point, graphs were plotted showing the 
existing conditions of each item for which changes were to be measured. 
Generally these items were (1) monthly outflow, (2) annual outflow, 

(3) groundwater storage, (4) cropland soil moisture storage, and (5) 
root zone moisture supply minus consumptive use (Figure 2). 


mn tee 


The program was then altered to reflect project measures or a 
change in level of water supply. The resulting effects were plotted 
and compared with the existing graphs. This process was repeated 
until all desired projects and levels of water supply for all years 
had been investigated. Year-end conditions for each project were set 
up as the beginning conditions of the next year so that project effects 
were carried over from one year to the next. From the graphs plotted, 
the effects within the study area and on the flow of the river could be 
easily identified and measured. 
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SUB-BASIN F ANALOG MODEL 


DESCRIPTION OF THE MODEL 


Sub-basin F was evaluated using three separate models. The first 
included all of Watershed F-5, the second all of Watersheds F-2, 3 and 
4, and the third all of Watershed F-1. The circuitry used for each of 
these models was essentially the same as originally developed by the 
Utah Water Research Laboratory. The effect of routing water through 
the groundwater basins was simulated through time-delay networks with 
the length of delay determined during calibration. 


Two types of data were used to describe the area being modeled: 

(1) Values that do not change once the model has been calibrated, and 
(2) values that change monthly. The constant data are listed in Table 

1 along with the potentiometer settings required for simulation. In- 
adequate information on some basic data had to be first estimated and 
then determined more accurately by trial and error during calibration 

of the model. These are indicated by an asterisk. The variable data 

is shown in Table 2 for each of the three models along with their actual 
values and voltage settings required for simulation. 


For these models, a series of years was programmed in order to 
minimize the effect of estimating initial conditions. Years having 
different levels of water supply also give some insight into the 
effects of a variable water supply. The specific years selected were 
determined mainly on the basis of available data as follows: 


Watershed F-1 1960-1963 
Watersheds F-2, 3 and 4 1961-1963 
Watershed F-5 1959-1962 


CONDITIONS INVESTIGATED 


A series of irrigation efficiencies was programmed for each of 
the years data input. These were selected over a range so that gener- 
alized relationships could be developed to analyze the effects of any 
specific project which would increase the irrigation efficiency. The 
irrigation efficiencies discussed here are over-all efficiencies meas- 
ured from the point of diversion to the crop root zone. The efficiencies 
programmed for each model are listed on the following page: 


= 71306 


Watershed F-1 Watershed F-5 


Watersheds F-2, 3 and 4 


30% Zee 30% (present) 
35% (present) 30% (present) 507, 
Uy 50% 


A proposed reservoir above Hatchtown was included in the Watershed 
F-2, 3 and 4 model to evaluate some of the effects it would have on this 
area. A reservoir with a maximum surface area of 510 acres and a total 
capacity of 13,650 acre-feet was programmed to store water during the 
months of January, February, March and December. During the other months 
the reservoir inflow was routed with no change in volume or timing. 
Utilization of the stored water was determined by adding increments of 
irrigated areas. 


A project was programmed for Watershed F-1 which included conversion 
of 3,000 acres of wetland to cropland. This acreage would be irrigated 
by pumping from the groundwater basin. Project irrigation efficiencies 
selected were 35 percent for canal water and 40 percent for pumped water. 
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TABLE la.--Hydrologic factors of constant value for Watershed F-1 model 





Description of factor 


Tributary watershed area 

(acres) 

Cropland area (acres) 

Wetland area (acres) 

Soil moisture-holding 

capacity (inches) 
Tributary watershed 
Cropland 


b 


Canegaettcrigation ef fi 
ciency (percent) 


Pumped water irrigation 
efficiency (percent) 
Percent of cropland 

in grain 

Percent of cropland 

in potatoes 

Percent of cropland 

in corn 


Percent of cropland 

in alfalfa 

Percent of irrigation 
loss as surface outflow 
Temperature difference 
between valley and mean 
mountain elevation « F) 


Ratio of mountain to 
valley precipitation 
May-September> 
October-April 
Runoff threshold 
(inches) 
Percent of deep perco- 


latdomacri bucany, Cun- 
Oehe 

Percent of quick return 
flow tributary runoff 
Time pe lev odes perco- 
lation routing 

Time delay-quick return 
flow routing 


Time delay-valley ground- 
water routing 


Potentiometer 
number 


33 


34 


53 


54 


55 


56 


64 


ae: 
24 


10 


an 


Ze 


Actual 
value 


84,700 
4,580 
3,430 


LO, 25> 
Dom 
40 


18 


70 


25 


70 
30 
5 months 


1 month 


4 months 


Potentiometer 
setting? 


ZOO 
25.02 


LE 


2050 


Da 
oye 


ee 


D0 


eta) 
So eZ! 


G70" 


Dole) 


aArm voltage when high side of potentiometer was connected at 50 -volts. 
byalues: determined by trial and error during calibration. 


CPotentiometer dial setting. 


piel) 


TABLE 1b.--Hydrologic factors of constant value for Watersheds F-2, 3 


and 4 model 
Potentiometer Actual Potentiometer 

Description of factor number value setting? 
Tributary watershed area 
(acres) 341,050 
Cropland area (acres) 12,000 
Wetland area (acres) Sea 
Water surface area (acres) 380 
Soil moisture-holding 
capacity (inches) 

Tributary watershed Zo 6 15.0 

Cropland Zn 8.0 Z205u) 
Canal irrigation effi- 
ciency (percent) 29 30 Daa) 
Percent of cropland in 
grain 53 16 S30 
Percent of cropland in 
alfalfa 54 64 SL eu 
Percent of cropland in 
irrigated pasture 55 20 10.0 
Temperature difference 
between valley and mean 
mountain elevation (° F) 1 S25 335 
Runoff threshold (inches) 21 fveey OF2254 
Percent of deep percolation- 
tributary runoff Le 50 Zoe 
Percent of quick return flow- 
tributary runoff 18 50 2520 
Time delay-deep percolation 
routing 5 months 
Time delay-quick return flow 
routing 1 month 
Time delay-valley ground- 
water routing 5 months 


——$—$—<$<$<$—$—————— 


Arm voltage when high side of potentiometer was connected at 50 


volts. 


bvalues determined by trial and error during calibration. 


“Potentiometer dial setting. 
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TABLE lc.--Hydrologic factors of constant value for Watershed F-5 model 


Description of factor 
Tributary watershed area 
(acres) 
Cropland area (acres) 
Wetland area (acres) 
Soil moisture-holding 
capacity (inches) 
Tributary watershed? 
Cropland 
Canal irrigation effi- 
ciency 
Percent of cropland in 
grain 
Percent of cropland in 
alfalfa 
Percent of cropland in 
irrigated pasture 
Temperature difference 
between valley and mean 
mountain elevation (° F) 
Runoff threshold 
(inches) 


Percent of deep perco- 
lation-tributary runoff 
Percent of quick return 
flow-tributary runoff 
Percent of surface 
tributary runoff 
Percent of groundwater 
tributary runof£? 

Time co accce perco- 
lation, routing 


Time delay-valley ground- 
water routing 


Time delay-quick return 
flow routing 





Potentiometer 
number 


28 


D3 


54 


bo 


10 


18 


20 


$5) 


34 


Actual Potentiometer 
value setting® 
209-9730, 
2,260 
460 
One SLi) 
Oyeil Sia 
30 Lo0 
10 Die) 
Bo ae: 
ou Zoe 
4.4 4.4 
4 Ona0- 
50 ZO 
50 2570 
98 49.0 
2 ro 
months 
months 
month 


a 


2 arm voltage when high side of potentiometer was connected to 50 


volts. 


b 


“Potentiometer dial setting. 
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Values determined by trial and error during calibration. 


TABLE 2a.-- Monthly type input data tor Watershed F-1 Model, 1960 




















3.10 
3.238 


N [st 
uy 1 
Ov 


0 
20 


Peace SS Ode) Dik ems Ora g 


out flow 


Value [Volts| Value|Volts | 
IF S01 e25 365 


10 | 6.42) 1,260] 
ASS 
O {10.62} 6,260 Loe 


2.82[ 1,120] 2.24 | 
3,06] 1,070] 2.14 | 


8.04] 1,690] 


wo co N 
Oo oD Jt JS 
N StLoOla 
uoB 
ne) 
| 
vd WY SS 
ma ce 
“4 N|™ 


4,020 


| --- | 5,440 110.90] 7,030|14.06_ 
pier = STOO 8) TA 304 68 TE e0 16736 
222504 S8a50!| 65 | 


Volts 


Pumped 
water 


2105/0057 MS 4300 
eee 20s rs LOL AEA Tom 


Value 
MEL EOE OLSON eS 30m 
[PATS eG 90H a2s 1908 


7.10 
6.40 
7.00 





G55 ie? Wb Ot ARO70 (820.55 


ie SO 7G 
Cy Ee ee 
es 89296: | S00 264 Os 032 0) 


10.71) 55.068] 10.119) 


1,420 


26.6 


3 
7 
8 


Temperature 
8 
6 
7 


zy 
3 
Z 


25R On hoe ST 96!) Baa 





307 


CAR 
pom 


1 
va) 
@ 

U 
> 
a 

a 

co 
G 

> 


Seow) 


P10 


8.34 


| 6.86 [ 20.8] 25.6] 12.8] --- | --- | 





3.40] 6.79 | 20.6] 27.2] 13.6] --- [| --- | 
4.45 


9) AB) 045748) 9.48 [6 2877 | 67219] 33.6), 4004 
RL LA Pe ed eee 
80 
80 
6.65 


3 
3 
6.65] 3.32 


8.90 
9522 
E00 





Mountain day 


™ 
re 
tt 
| 
* 
Pe 
—t 
+t 


. 


Sot PGs 66 [23495 
eae G79) 


G 
oO 
aq 
W 
o 
4 
mt 


n 
iW 
re 
Oo 
> 
mv 
Cas 
3 re 
UO 
YS 
n 
WwW 
re 
S 
wo 
a) 
oO 
Sa 
v> 
Vv 
7) 
4 
co 
oO 
> 
eo wv 
eo 5 
de 
Hy 
YS 
< 
wn 
Ww 
ed 
° 
= 
ce 
oe ov 
ey 
ye 
oO ® 
xzP> 


. 


0 
0.0 
128 

pee ee 
7.9 
16.4] 
ied 


Precip 
O31 
0.63 
0.44 
0-10 
0.04 
Onw0 

6 
5 


yquOW 








31.4] 1,920 | 9.60] 
ae, EEF S00 | 
13;.9 |---| = 






uy} uw} OVO oO}WN 
oO!;lo;m 
OIMIN 
NINITN 
N 











Volts] Value 


Actual 
Value 


Volts 


{Value 
| 0.48 [12.00 


10.50 


i 
L8e2 

22). 50 
2D 


13.75 







Ati ete 25 






Mountain Ke 
9 

O757 
8 





Actual 







19.35] 
17.85 








129 
bel 


Wet area Ke 
0.70 
OET0 
O75 








17.00 
25 


61251] 080s) 22 








27.00 
23.00 





Aliaiia Ke 


1.08 
is Ole 
0.92 





60251102 998| 2475 | 
Mallia 227 


Volts Value! Volts | 


6.50 
10.50 
6.25 


S23 


| 6.25 | 0.69 [17.25] 0.86 | 12.90] 0.55 | 






Oyj CO 
N}| © 
myer 


es 






Ones 


51 0.26] [ 
9.50:|) 0.60 | 15.00. 


Volts} Value | 


0.25] 6.25 | 


TP a 
oss | 


6525 








22.50 |, 
32.75 
| 33.00 | 
es | 
G23 |e 2oako 25: (Be 0.25 \api. 254 0 81820025 OPO fF 15 0lhe.e7 hie.s 





He 
@.25 


O25 
0.25 


Potatoes ke 
eel: 
5 
O25 


5] 00525006 25 la) 02.25 | 






i: eons. 


6.25 
6.2 


© 

LNT NN 
OO} CO} LO} © 
CON 


Us25 


| 0,26 | 6,50] 
| 0,50 | 12,50 
a 


25s 

















1961 


water 


Canal 
diversions 
So ee aed 
Value| Volts | Value} Volts 
178 
209 
199 


TABLE 2a continued 


_Value|Volts | 


Volts 


Value 


Valuef Volts 
ee 7 
1,520|_3.0 
13320) 


a 
28 


Sn 


4 
3 5 
> 
dow 
ama 
di 


n 
4) 
ee 
° 
> 
4 0 
6 3 
3 4 
Do 
US 


1,640 
370 


1.83 [18.3 | 67.4] 33.7] 2,890] 14.45] 206] 1.03] 3,. 


0.89 
1.05 





70 
70 


e 
° 


7 
6 


| 21.45 


97 Flee 290 


De OR mo4n6s [3209/01 5405] 
0.63 | 6.3 | 70.9} 35.5] 1,340] 


14.0 


54.4 


| Temperature 


Value | Volts| Value} Volts 
meet 98 28207 


CS Pee Ese a Ee 


is80 


Precipitation 
0.49 


6,410] 12.82 


11.36 




















my 
3 | 
ce} 
o 
>| 
n 
W 
on 
oO 
> 
iI | | 
a) 
3rd 
OO} \ 
(os \ 
< | \ t 
M}]\O WO jt IW ]OOTN joo mt IN 
| ee ~~ ro ist} on | j0O COIN 
4 O OTN ASI DIMIOIMIN IN GNUIN 
les te Sid NININ rf 
dA Pie S OlOlOJO IO JO {Oo [Oo 
ja DS] ow woo PIS FOV ION IO [SF IOOIN Ie 
Oues aS | LDN JO [xt [St OM JO fra 
iW eo n , 9 al af af ia 
[| O W1.\oO ~ re ro joy JO [WO 
<> |] 
N 


oO 
jr 
© 
ra 


7G 
10.54] 
12.66 
12242 


1962 









Canal 
diversions 


w| Oo 

3 oH 

ei LT) | 

wo wn 

> st 
ov He LAF Un | O 
q a oO; a] 
ey Oo ef ef e 
rm) S w{ © |~xt 
wo NIN] 
a | 
3 | ‘al lier 
A O > LAIN 

| gt 
Cc 
5 eS mln 
“4 dt alle ag 
WW - ONIN 
© > 
4 
ord . 
A. 
AL Stat ol of infant] ofa etato 
Ov | gy SIN OLN NTR] NM] a] Ol] aIN 
wo Listowel = aliensl ef Mel) welmecst a ce} arel| ote 
u 0 wololo} ajo] ofofo}o}ajojo 
a ia 
1; 

yUOW 





1963 
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TABLE 2b.--Monthly type input data for Watershed F-2, 3, & 4 Model, 1961 
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“Mountain precipitation is 100 percent of Panguitch Lake Storage gage. 
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TABLE 2c.--Monthly type input data for Watershed F-5 Model, 1959 
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TABLE 2c continued 
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TABLE 2c continued 
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SUMMARY OF RESULTS 


Tables 3, 4 and 5 show the on-site effects of increasing irrigation 
efficiencies. Figure 5 is a plot of the data in Table 5. The variation 
in the slope of the curves for different years is due to precipitation 
variations from year to year. A curve of average slope drawn through 
the deficit point, as determined in the average annual water budgets, 
produces a generalized curve relating cropland root-zone deficit to 
irrigation efficiency. These were used to estimate the on-site effect 
of increases in the over-all irrigation efficiency. 


Table 6 shows the water releases from Hatchtown Reservoir to irri- 
gate an increased acreage of 3,000 acres in 1961, 6,000 acres in 1962, 
and 3,000 acres in 1963 in Panguitch Valley. The values were set to 
prevent any excessive draw-down of either the reservoir or cropland soil 
moisture. In each of these cases, the canal diversions were increased 
the same amount as the storage releases. 


Table 7 shows the volume of water for the Watershed F-l1 pumping and 
wetland conversion project. The amount of water pumped was that neces- 
sary to provide the present 4,580 acres of irrigated cropland, plus 
3,000 additional acres of wetland converted to irrigated cropland with a 
full supply without excessive soil moisture draw-down. 


TABLE 3.--Cropland root zone deficit or surplus computed in analog model 


Watershed Efficiency” | 1960 1961 1962 | 1963 
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Percent ASC tere | ACOmL Ge AG ane 
F-1 30 -4 550 -350 0 
35 -4,050 +200 +550 
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50 ey 50 | +2,100 +2,150 | ----He 
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Overall efficiency from diversion to root zone. 
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TABLE 4.--Change in cropland soil moisture storage 






F-2, 3 and 4 


| -4 000 
gh SS BAPE Ss +2,000 | 0 
F-5 30 -4.00 +400 | 


4Qverall efficiency from diversion to root zone. 


TABLE 5.--Actual deficit - Root zone supply minus potential consumptive 


use 

Watershed PeELfictency . .) 1960 | 1961 | 1962 | 1964 
Percent eek AciesG ample Ace Ethen Accuift ee we Aer tts 

F-1 | 30 | -4,000 -300 +1,400 | -1,450 
| 35 35800 +850 +3,150 -400 
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i | | 
| t \ 
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2Qverall efficiency from diversion to root zone. 


Note: This table is a combination of Tables 6 and 7. Negative values 
are deficits; positive values are surpluses. 
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Figure 5 
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TABLE 6.--Project reservoir releases from Hatchtown Reservoir 


Year | March April May | June | July Sept. Oct. Total 


| | ‘ 
Dorit AceE ee Ac. Et. | Ac.ft,. | Aceft. |Ac.ft.| Ac.ft. |Ac.ft.! Ac. ft. 


meee ff ee fee fl ee 
eeeeceercemees (wee ee eee 


Ronee anon MCOUMEINeOC0M tC 000; Ieece=. | ---c-= | ----- 9,000 
1962 | 4,500 |----- | ----- '2,000 | 2,000 |2,000 | 3,000 |3,000 16,500 
| 
ipsa \e----- | oe 1,000 | 2,000 | 3,500 |3,000 | 1,000 | ----- 10,500 


} 


TABLE 7.--Project water pumped from Groundwater Reservoir, Watershed F-1l 





June 












PAC Ot te | Ac. ft. | Ac. £t. A Cremn tater 


| eee ' er eee eer ae eee —————s (er ee ee 


1960 | 1,000 | 2,500 3,500 | 3,000 ! 1,000 11,500 
1961 | 3,000 | 5,000 5,000 e002 ee 16,000 
1962 | ae AOC Ome ME OCC ae---- 8 ~~ 10,000 
1963. | 3,000 5,000 | 5,000 00s — = 14,500 


Delay networks were used to simulate groundwater routing in the 
models for Sub-basins F and E. However, they introduced errors by the 
disproportionate increase of the volume of water routed. Consequently, 
the outflow from these models as well as the groundwater storage were 
erroneous and the project effects on these items could not be determined 
with confidence. Therefore, the downstream project effects are not 
summarized here. 
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Caligaee Tt ER lig 


SUB-BASIN E ANALOG MODEL 


DESCRIPTION OF THE MODEL 


Two analog models were programmed for areas within Sub-basin E: 
(1) All of Watersheds E-1 and 2, and (2) the portion of Watershed E-5 in 
the Paria River drainage designated E-5A. The model for Watersheds E-1 
and 2 required estimating so much input data that no significant results 
were obtained. Therefore, that model will not be discussed here. 


The circuitry used to formulate the model of Watershed E-5A was 
essentially the same as for the Sub-basin F models. Again, two types of 
data were used to describe the area being modeled: (1) That for which 
the values do not change once the model has been calibrated, and (2) that 
for which the values change monthly. These are listed in Tables 8 and 9. 
Data for the average water supply year is also included as programmed. 
The outflow data used as a check in calibrating this model was the total 
outflow from the watershed and no attempt was made to separate the volume 
of groundwater flow from the surface-water flow. 


CONDITIONS INVESTIGATED 


A series of irrigation efficiencies were programmed for each of the 
years of data input. These efficiencies for the Watershed E-5A model 
were 30 percent (present), 40 percent, 50 percent and 60 percent. 


A potential project was programmed which would increase the overall 
@rrigation efficiency ‘to the 50 percent level. This) would require im- 
portation of water from the East Fork of the Sevier River to overcome any 
deficit. The water importation required is shown in Table 10. 
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TABLE 8.--Hydrologic factors of constant value for Watershed E-5A model 


Description of factor 


Potentiometer 
number 


Tributary watershed area (acres) 


Cropland area (acres) 
Wetland area (acres) 


Soil moisture-holding capacity 
(inches) 


Tributary watereahed? 
Cropland 


Canal irrigation efficiency 
(percent) 


Percent of cropland in grain 
Percent of cropland in alfalfa 


Percent of cropland in irri- 
gated pasture 


Runoff threshold (inches)? 

Percent of deep percolation 
Tributary runoff? 

Percent of quick return flow 
Tributary runoff> 


Time delay-deep percolation 
routing 


Time delay-quick return flow 
routing 


ou 


a2 


se) 


54 


yey 


10 


zd. 


Ze 


Actual Potentiometer 
value setting? 
64 ,490 
24 Vt 
460 
Z ie 
9.84 24.0 
30 Loa 
7 an 
84 a2 
2 ao 
3 0.47% 
75 CWins 
oo eee 
6.4 months 
1 month 


“arm voltage when high side of potentiometer was connected to 50 


volts. 


byalues determined by trial and error during calibration. 


CPotentiometer dial setting. 
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TABLE 10.--Total water importation required from the East Fork of the 
Sevier River for no deficit at 50 percent irrigation efficiency 


Year April May June Aug. Sept. | Oct. | Total 
| 
| Che Lites ad Cntians 


t 


aGwit, |ac.fte ac. ft; | actft. “tac. ftiiececes 





tae ee 





1960-998 )41 9250 #81250 /1,000 1, OOGH"1 000. 9 | 1,000 ans 6,500 
1961 | 500 | 750 | 750 750 730 | 4.00 | 3500 1245250 
i 
1962 | 180 | 790 | 910 | 920 470 | =- | a= ht eG 
Average | | | | | | 
year | 120 | 830 , 1,000 750 | 750 | 420 190 |4,060 
i | 


{ 
} 


SUMMARY OF RESULTS 


Tables 11, 12 and 13 show some of the on-site effects of increasing 
irrigation efficiencies for the study years. Figure 6 is a plot of the 
data in Table 13 and presents generalized curves relating cropland root 
zone deficit with irrigation efficiency. The variation in the slope of 
the curves for the different years is directly related to the precipit- 
tion variations. These curves can be used to estimate the on-site effect 
of any project which increases the overall irrigation efficiency. The 
downstream project effects are not summarized here because of the errors 
introduced by the delay networks as described for the Sub-basin F model. 


Experience with the Sub-basin E and F models has shown that ade- 
quate simulation of the water-yielding area was hampered by scanty data 
and limited analog equipment. As a result, later models use all avail- 
able analog equipment to simulate the cropland, wetland, and groundwater 
reservoir portions of the study areas. Runoff estimated from yield maps 
then becomes input data. It was also necessary to develop a different 
type of circuit to simulate the groundwater reservoirs and their inter- 
action with the river system. 


at ae 





TABLE 11.--Cropland root zone deficit or surplus as computed in the 
analog model 


Irrigation Average annual | | 


! 
efficiency 1960 | 








water supply 





Percent 
30 7 -1,650 faiea= diy LO =15,530 -1,210 
40 : -950 -3,160 | ei nee -4.50 
50 -250 -2,940 | -690 | 0 
60 +450 =2), 290 -330 0 
TABLE 12.--Change in cropland soil moisture storage 
Irrigation Average annual 
efficiency ' water supply | 1960 | 1961 | 1962 
Percent | | : 
} { 
{ { } ‘ 
30 : 0 | +10 170% ae) -90 
40 O | +40 -190 . -100 
50 0 | +60 200" +100 
60 0 +80 -130 +780 
' 


| 


TABLE 13.--Actual deficit - Root zone supply minus potential consumptive 


use 
ne nee ee ee eee SO 
Irrigation _ Average annual 
efficiency water supply 1960 | IG 1962 
Percent ! 
| 

30 -1,650 -3,300 eel 7 00 rae 200 

40 | -950 -3,120 eevee -550 

50 | -250 -2,880 | -890 +100 

60 | +450 -2,510 | “460 +780 
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SUB-BASINS D AND C ANALOG MODELS 


DESCRIPTION OF THE MODELS 


Based on the experience gained in Sub-basins F and E, all of 
the analog equipment was used to model the valley portions of Sub- 
basins D and C. Two separate models were designed for these sub- 
basins although the circuitry used to formulate each of these models 
was essentially the same. Circuits were formulated to represent the 
cropland area, wetland area and groundwater reservoir for each of 
the two models. 


The Sub-basin D model consisted of three cropland areas: (1) 
Watersheds D-1 and 5, (2) Watersheds D-2 and 3, (3) Watershed D-4; 
the combined wetland area; and the combined groundwater reservoir. 
The Sub-basin C model consisted of three cropland areas: (1) Water- 
shed C-2, (2) Watershed C-3, (3) Watersheds C-1, 4, 5 and 6; the 
combined wetland area; and the combined groundwater reservoir. 


The tributary runoff was determined from average annual yield 
maps and correlated with streamflow gage records to represent each 
specific year. The surface water tributary inflow was routed 
through the respective watershed cropland areas and a specified 
percentage diverted into the irrigation systems for use on the 
cropland. The groundwater tributary inflow was routed directly 
to the groundwater reservoir of the model. The average precipi- 
tation on the cropland of Watersheds D-1l and 5 was an input into 
the model and was adjusted as necessary for the other areas. 


Input data whose values do not change once the model has been 
calibrated are listed in Tables 14a and 14b. Variable input data 
jeushown in VYables loa ~and 15b. Data for a series of four years 
(1960 through 1963) was programmed for these two models. The year 
1960 was programmed primarily to establish more accurate initial 
conditions. The following three years were used for evaluating 
potential project effects. 


The outflow past the Sigurd gage was used to calibrate the Sub- 
basin D model. This included the recorded flow of the Sevier River 
plus the estimated canal and groundwater outflows. The outflow, 
both surface and groundwater, from the Sevier Bridge Reservoir was 
used to calibrate the Sub-basin C model. 


eo OM 


ee ee ace aca 


Description of factor 


Potentiometer 
number 


Actual 
value 


Potentiometer 
setting? 


TABLE 14a.--Hydrologic factors of constant value for Sub-basin D model 
| 


Cropland area (acres) 
Watersheds D-1 and 5 
Watersheds D-2 and 3 
Watershed D-4 


Wetland total (acres) 


Cropland soil moisture- 
holding capacity (inches) 
Watersheds D-l and 5 
Watersheds D-2 and 3 

Watershed D-4 


Canal water irrigation 

efficiency (percent) 
Watersheds D-l and 5 
Watersheds D-2 and 3 
Watershed D-4 


Pumped water irrigation 

efficiency (percent) 
Watersheds D-1l and 5 
Watersheds D-2 and 3 
Watershed D-4 


Percent of surface flow 

tributary runoff 
Watersheds D-1 and 5b 
Watersheds D-2 and 3 
Watershed p-4> 


Percent of groundwater 

tributary runoff b 
Watersheds D-1 and 5 
Watersheds D-2 and 3> 
Watershed D-4 


Percent of surface runoff 
diverted 
Watersheds D-1 and 5 
Watersheds D-2 and 3 
Watershed D-4 


Precipitation adjustment 
Watersheds D-2 and 3 
Wetland 


Flow from groundwater 
storage 


Initial groundwater basin 
storage voltage 


25 


Lh 


52 


56 


iS 


17 


16 
20 
18 


DieitO 
1,810 
11,090 


dhe 


Ow O 
e 
Won 


36 
35 
D2 


40 


40 


SP 
87.6 
9035 


26.0 


Zoe | 
19.75 
20005 


18.0 
16.5 
16.0 


20.0 
LG 
2020 


2620 
43.8 
48.25 


Ldes 
Seas 
40.65 


35.9 
13.05° 


Arm voltage when high side of potentiometer was connected to 50 volts. 
bpata was determined by trial and error during calibration of the model. 
CThis factor was combined with an acreage adjustment factor. 


“agua 
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TABLE 14b.--Hydrologic factors of constant value for Sub-basin C model 


Description of factor 


Cropland area (acres) 
Watershed C-2 
Watershed C-3 
Watersheds C-l1, 4, 

5 and 6 


Wetland total (acres) 


Cropland soil moisture- 
holding capacity (inches) 
Watershed C-2 
Watershed C-3 
Watersheds C-l, 4, 
5 and 6 


Canal water irrigation 
efficiency (percent) 
Watershed C-2 
Watershed C-3 
Watersheds C-l, 4 
5 and 6 


Pumped water irrigation 
efficiency (percent) 
Watershed C-2 
Watershed C-3 
Watersheds C-l1, 4, 
5 and 6 


Percent of surface flow 
tributary runoff 
Watershed c-3> 
Watersheds C-l, 4, 
5 and 6> 


Percent of groundwater 
tributary runoff 
Watershed c-35 
Watersheds C-l, 4, 
5 and 6> 


Percent of surface 


runoff diverted 
Watershed c-3P 


Precipitation adjustment 
Watersheds C-2 and 3 
Watersheds C-l, 4, 

5 and 6 
Wetland 


Flow from groundwater 
storage 


Initial groundwater basin 


storage voltage? 


aArm voltage when high side of potentiometer is connected to 50 volts. 


Potentiometer Actual 
number value 
16,540 
1567.0 
oO 
PSA 
20 Oe Ss 
2 LO.64 
SZ LO SL 
2 30 
4 30 
7, 28 
ae. 4O 
56 45 
64 4O 
7 95 
19 73 
18 5 
20 25 
23 50 
54 aloe 
29 Mean l Z 
30 beEZ2 
68 O27 
30 


Potentiometer 
ee 
setting 


ZO / 
26.6 


25.4 


1) 


ae 


2530 


Ze 


Zao 
2ege 


bThis data was determined by trial and error during calibration of 


the model. 


CThis factor was combined with an acreage adjustment factor. 


nest eens 


‘pore SuIpTeTA 199eM 9Y} WOAF FJouny Are jnqtjaL = OUL, 














“ee lovee | [=== [sevszfeot [sezt [iSO [to-0c foo ov vt [eee 
as-€ loose _ [=== | === Toorvefoet [ost [aso [soz B29 [So or [eee 
Sey ee ocveee | [tet [tet foorzelezt [sz7ot [soo [eo tz oe l [oon [eon _| 
Sree age ‘ ES 0 z [6€°8 D 
| so°% [oso‘y | cove 6] Se 6 co 9870 39 
Pse-9 fose’o | Psts [sc-oe [tet | seroc [S01 
P9097 [099% | [ 29s: | [OStez [It | Ser6e fer 
| 27° OT 0z4OT| 699 mijsl7oc fo | Sc eons @ 
| 6€ 11]06€“T1| [ SZ" Gc’ ZT | 69°0 
ec" zt[osz‘ct| SLST [ETO 

Oey 2 | G¢-cc(68°0 | OO°VT [ 9570 

pose a2 


CCL CaSO tal OGL | 0S*0 | 


[saToq fonzea |ISI10OA ONTeA [SI [CA 
Cz 4|{EnIOy GZ Ie 1 ena 


oSTeT [OLE 
anTeA |SITOA | ONTeA | 
Tenz9V} 7/1 





| onTeA 








eo 
© 
3 
4 
v 
< 


SITOA | ONTeA 
00z/T |Ten3°V 
ak 
ejem pedung 





2 einjerzoduey, 


%y Pore JOM y puetdoig9 





oO 
N 
N 


ON 
™~1O 
ey 
ce 
4 


ce 


rears Oe | 
rats tee | 
l T 


O}|O 
ayy 
NIN 


~t ]00 JO 
sto jst 


rife 
aie 
WIV IN 





© Joo 
o|n 
rojo 
M~Ire4 
O 
™ 
t 
re 
° 
oO 
™ 
t 
rt 


se 
wy 
wn) 
© 
uw 
wy 
™ 
rH 
O;O 


026°7 | ZS 
ce Ol OOF S | 


008] 
ont eA 


ef 






00 | 
ClololoJol[H|Hjojo 
ut) 
ro 
Oo 


Wy }COIN 
LY Ir }I™] 09 | 00 

LFOIN IW | 

rim icn 

al >) 


no 





. 
ro 


: Slat 


Se ees ON elo | 
FTOAfeMTeA |SITOA 
Ol {1enqIoyHooT/T 

MOT SUT 
JIATY 


~ 





onzTen |S TOA | enTeA 
7-d oy ted 
,~OUuL »OUL 














2 7-d Suots 


uotjeqtdtoe1g A9ATp yTeue) 





cl 
ut 
OT 


PrIEN | OO FELON OLE} CO] 


O;AIN 


ALN] OO] st] 9] 0 Nj 00] on a] aj 


0961 ‘19POW ad uTSeq-qns a0ojy eqep jndut odAQ ATYQUOW - KCT ATAVI 


-~ 41 











ee ope 

o4°¢ logz‘s |es'o0 106 

miger & ate ec—17950-| 

st'6 [ost‘6 |--- | Great, 
SES fees pon “| 00°71 
ety 08t7-| ral 


; | SATOQ JonzTeaA SICA 

GZ |jTenqoy SZ 
€% c-a | Pals aieoze 

aiaqem pedung pue,qemM 











°y puetdoip 









i 

































ayes Tes _(70°7| 06°2 

20S9e—|'29"-0-— 166 Pye 

ecosee 16s" oe | 077 ox 

Ieeg—-| £E27S=| OO eel 0047 
MeeeTe eer T=-199".9—) 09° 082 Co JOS CRO Meme Ome 

62 6anl 6E20— | [OO PR 0075. OS > ee OSE 

Bera anes OCT ZL ORC: Lf 0e OL O2ON Le 
Cette | CeO me| ae 
Loop LSE =| ! | OC S106 CRN OCl tan Oe 

 1SHL=s|4921-—| cel Ones for? lovy  [os"e [ose | 
ars ee Tose [s9°t pve [ost [ost [09°% jooz oe’c [otc | 
le Gpee| L620 L1 | OS7_ | 081-0068 [092 1a] 00M OVE Ce Oi Ce eC ahi aa 
SJTOAlenTeA |SI10A] on TeA Saioq | onpen | S210 fonzten | SITOA JonteA |Sa1OA [enzea [S3TOA | en {eA 

See oraovLoemrak weetowl conn rensev) oue/x|_ tenaoy oog,t [levaeq oot/1 | temtoy oor/t | renaoy| ogy [remaoy 

€ 8 c-a suoTs 7- c= 1-d 

Sh de hte ad zaatp peued | OUL OUL 






LI6T ponurquos ecyT ATaVL 


LEN Lo} tf in} Of mS} 00] 


oO} FN 


yA oo] tf U9] WO] PY] COf OY] 4] Sy 


Hoe: 














a prseen pee trnay ore | Portes os 

STS S25 18 Se eee I 
Lit aL een Ose ceo met OT 

26 BLS Ca ese 

81°6 

| 90° £1 | 

LRT 

| s9°s [os9's | BSceLl 

tGeGalOS6.S—| Sel 

Te 00°FT 

| SOS [OSO"S | 








aC TenIoy ECE 


yTenqoy 
SINoU= =: 


3 
y puetdo19 Saeed 






O89" tT 


fozneee 





era 























O9SCE OG b | L 
[oes *Z2_ 066°9 [este P9Z*OT] 09"0e | 090 | OF OE [OLOE [OV Ie | OWT | 9 
ZL Se[O2l Se peers [oF Hee OTT ULL [OO sz|OO"e_foeze Lose |e 
[er orporror | OOH | BTB_peo Loser forse jorste fosvee [ose | F 
este [ozs*2 | [oes oz Tt] SO 
oor rosto | ose | 821 Joos [ote [ote |ooe Joo [ose [ose | 1 

OnTeA SITOA 








SITOA fonTeA [SITOAfenTeA |saTOA [enTeA [SITOA | enTeA 
7-q suots|¢ 9 [-q suoTts € 8 7-d 7-d ¢ 8% 1-d 


-19ATp [eURD |-I9ATP [eURD 
C961 penutquos ecT ATV 


2 7-a suots] 
-19eATp [eure | 





MOT JUT 


- 43 



















9'€ [099° € | 1 , SZ" Se | [Scvct [Sse at 
ou" [ool € | 3 | | | | , ef S Bn Osbicgh O55 Gg Festa 
Lov'7 looy 7 |ss*o : 92 | osTz [OOrzz [OWS on 
| esc [oss 2 |79"0 7 aan TT [SZ 6T | sce [Sto | 
ey es} 0er £2179" 0 OLE SE i Cae elmae 
paca ONS SEO 0 i 
ecray OGL. 72 | 69" 0 0 and a 
gz's loez‘s [sso Ds ea 
v1*6 |ovt‘6 |8s*0 eae ee 
[OLS Ta] TLE id eee 

SITOA | enTeA | 

sk ee sinjersduyy, 
og'T | 0gt jooe_ —foe*c = foec | 
097 .Tf OFT O76 dO 7 aah Oe cence a 
[S06 T Sal OF * CaslOL caesarean Otc ee 
ar Dis ee ee ee 
[OC *€ OEE 1088 7 x-| 08 Cheese 
O00" 0 LI OO0 lsat, O20 ee nO eee aaa 
QOC TIE OCS TLS 0G Te lialieeees 
0.9 Ce 09. eae |O'Gan Oia] 1c Seas |e 
OL] OL Cia | O Gea ees 20 ia [aa 
}Oe"e Joe’ jos’ jose | 2 
| O12 =| Ocoee | 00 ek | 00 ea OO mem OTe i 


TOA fenzTea | S3TOA fonTeA |SITOA [enztea [sa TOA | en TeA 
Cartyaced t= Cave 
OUL OUL OUL 


y-q SUOTS 
-19ATp [eueD 





Soot ponurqzuos ecyT aATdVL 


- 44 


1 monthly type input data for Sub-basin C Model, 1960 
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In order to calibrate the Sub-basin C model, some extensive 
changes in the monthly input data were required. It was necessary 
to reduce the tributary runoff by 5.5 percent in all three sections 
of the model for each of the years programmed. The canal diversions 
to each of the three cropland areas had to be changed for all four 
years. The river inflow into Sub-basin C had to be changed in 
February and March of 1962, and in March, April and July of 19689 
The revised data, as it was used, is shown in Table 16. 


CONDITIONS INVESTIGATED 


A series of irrigation efficiencies were programmed for each of 
the years data input. The efficiencies were selected so that gener- 
alized relations could be developed to analyze the effect of specific 
projects such as land leveling, canal and ditch lining, or improved 
irrigation water management practices. The efficiencies programmed 
were: 


Watersheds D-1&5 Watersheds D-2&3 Watershed D-4 Sub-basin C 


30% 30%, 30%, 25%, 
sove 3575 B27e 30% 
4.0%, 4.0% 4.0% 4.0% 
509, 50% 50%, 50% 


4Present efficiency 


For both the Sub-basin D and Sub-basin C models, pumping proj- 
ects were programmed to overcome the consumptive-use deficits on the 
cropland areas. However, the groundwater reservoir circuits of these 
models did not allow for a reduction in wetland consumptive use when 
the water table was lowered due to increased pumping. Consequently, 
the total effects of these projects were not reliable and are not 
summarized. The amount of pumping required to overcome the deficits 
can be obtained from Figures 7 and 8 for the respective sub-basins. 


SUMMARY OF RESULTS 


Tables 17, 18 and 19 show some of the on-site effects of in- 
creasing irrigation efficiencies for the years programmed for the 
Sub-basin D model. Figure 7 is a plot of the data in Table 19. 
Tables 20, 21 and 22 and Figure 8 show corresponding data for the 
Sub-basin C model. The variation in slope of the curves for dif- 
ferent years is due to variations in precipitation. A curve of 
average slope drawn through the deficit point as determined in the 
average annual water budgets produced a generalized curve relating 
cropland root zone deficit to irrigation efficiency. These were 
used to estimate the on-site effect of any project which increases 
the irrigation efficiency. 
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TABLE 17.--Sub-basin D cropland root-zone deficit or surplus as computed 
in analog model 


Watershed | Efficiency® | 1961 | 1962 1963 









Percent rAc.. Lee ACh so. ti. 
D-1 and 5 30 pit ,2008) |) =25 300 
36 - 7,500 -23,200 
40 -15,700 tes 3, 800 =21,200 
50 | -12,000 0 -13,500 
D-2 and 3 30 + 2,000 + 2,100 + 1,100 
33 | + 2,200 + 2,500 + 1,400 
40 + 2,900 + 3,300 + 1,900 
50 | + 3,700 + 4,500 + 2,800 
| | 
D-4 30 1; be Gh 100 - 200 - 9,600 
| 32 etc 500 0 | - 7,600 
| 40 i - 2,900 + 1,800 .| - 1,800 
50 fe 200) | + 6,000 | + 3,200 
; | 


4OQverall efficiency from diversion to root zone. 


Note: Negative values are deficits; positive values are surpluses. 


TABLE 18.--Sub-basin D change in cropland soil moisture storage 


Watershed Efficiency LoGL 











{ 
D-1 and 5 | +1,900 -2,600 + 400 
| 35 +2, 300 -3,000 +2500 
40 +2, 500 | -3,400 7200 
| 50 +3,200 - 500 -3,500 
D-2 and 3 : 30 | 0 0 0 
! 33 | 0 0 0 
40 | 0 0 0 
50 | C | 0 0 
\ | 
D-4 | 30 et 00m ese l= 1., 300 LPR TOO 
| 32 fee 900, la - 600 eee eo 
| 40 pmareiezo0e ee 42 e100" 8 MO" -4 100 
| 50 peri coo | fe Omesee 200 
| | 


Note: Figures are the differences between the first-of-year and 
end-of-year storage. 
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TABLE 19.--Sub-basin D actual deficit - Root-zone supply minus potential 


consumptive use 
nn a 


Watershed Efficiency | 1961 | 1962 1963 
eS eeeeeeEeeSeSeSeSOSENSETOSeSeeeeSS SS 0€0€@CCOO 
Percent | AC mcr foe Neto 5 ACs Les 
D-1 and 5 30 -17,500 | -13, 800 -24,900 
35 | #1540002 eee L0, 500 - 22,900 
| 40 =i 200KMn | e200 -21,000 
| 50 | - 8,800 | x 1500 -17,000 
| 
D-2 and 3 | 30 | + 2,000 | + 2,100 + ole DOO 
| 33 + 2,200 + 2,500 + 1,400 
40 | + 2,900 + 3,300 + 1,900 
| 50 | + 3,700 + 4,500 + 2,800 
D-4 | 30 | 2008 © = oT S00 - 9,500 
| 32 - 4,600 Vem O00 - 8,300 
40 - 700, =) = 3,900 - 5,900 
50 | ee CO, ee oO” LOC - 2,300 
} ‘ 
a a a a 
Note: This table is a combination of Tables 6 and 7. Negative 


values are deficits; positive values are surpluses. 


TABLE 20.--Sub-basin C cropland root-zone deficit or surplus as com- 
puted in analog model 





Watershed Efficiency# 1961 | 1962 1963 
l 

| Percent ACh asiue. ler AC-mhty, Ac hie 
C2 | 25 all 72 OG Sane ened -18,100 
30 ipes Oy LOS Ae 5700 -15,400 
40 = S100) ae I 800 - 9,800 
50 - 750 | + 5,000 = 2000 
C-3 25 / 16,100 | -10,000 -20,800 
30 L) =15,000" 9s m= 6e 806 -19,100 
40 iy 2-10, OCCes = 5-91 OD -15,400 
50 -10,700 | .+ 2,100 - 8,100 
emily Be ce bake 25 - 5,600 {| - 2,000 -10,500 
and 6 | 30 - 4,400 | - 600 - 9,600 
40 - 1,600 + 3,400 - 4,500 
50 +1 500 be O00 + 400 


5 ‘ 





4Overall efficiency from diversion to root zone. 


Note: Negative values are deficits; positive values are surpluses. 
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Root Zone Deficit -Surplus vs. Efficiency 
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TABLE 21.--Sub-basin C change in cropland soil moisture storage 


OT 


C-2 { 
C-3 
ee ee) | 

and 6 


Percent 


25 
30 
40 
50 


22 
30 
40 
50 


NS 
30 
40 


Watershed Efficiency? | u 


| 
| 
’ 


+2 ,600 
+2800 
2) NG 
+3 ,600 


+1,800 
+1,900 
+2,000 
+2300 


+1,000 
aie O0 
+1,200 


-4,000 
-4,400 
-4,400 
-1,500 


-2,300 
-2,600 
22900 
=eeTOO 


-1,800 
-2,000 
- 800 


961 1962 | 1963 
NS Bee iA Crem \Cromerls tare 


+ 000 
0 

0 
-3,200 


166 
+ 150 
+ 250 
-2,300 


Seo) 
es 0) 
=1100 


50 !  +1,700 + 700 | -3,000 
| | | 


4Qverall efficiency from diversion to root zone. 


Note: 


end-of-year storage. 


Figures are the differences between the first-of-year and 


TABLE 22.--Sub-basin C actual deficit - Root-zone supply minus potential 
consumptive use 


Watershed | Efficiency? 1961 1962 1963 
| Percent | Reheat. ' Ac. ft. AC meri. 
{ ee eer } —————_———— \ nn 
C-2 | 25 es 000 ee 00m eee 17.500 
30 peo 300 eas 00 | -14,900 
| 40 i - 1,800 | - 2,600 } - 9,800 
| 50 | + 2,850 pet 00r 200 
i \ 
\ i 
C-3 25 ee 00 20" 700 
| 30 ) elope | - 9,400 1: 18,950 
40 _  -10,900 ee 100) ee 155150 
| 50 ' = 8,400 / + 1,400 | -10,400 
i j 
CoE 4, Dove | 25 = 4,600 / = 3,800 | -10,200 
and 6 ! 30 3300 - 2,600 = 9,300 
40 00 + 2,600 = 5,600 
50 ; + 2,200 ' + 6,900 - 2,600 


eee eee 
4Qverall efficiency from diversion to root zone. 
Note: This table is a combination of Tables 6 and 7. Negative 


values are deficits; positive values are surpluses. 
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Project downstream effects in the Sub-basins D and C models 
were not reliable due to the groundwater reservoir circuits in- 
ability to reduct wetland consumptive use when the water tables 
were lowered. The downstream effects for projects in these two 
sub-basins were obtained in the combined Sub-basins A, C and D 
analog model described in Chapter VI. 
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SUB-BASIN B ANALOG MODEL 


DESCRIPTION OF THE MODEL 


The analog model for Sub-basin B included only the water budget 
areas of Watersheds B-5, B-6 and B-7. Adequate basic data was not 
available in Watersheds B-1, B-2, B-3 and B-4 to program models for 
these areas. The three watersheds programmed contain about 200,000 
acres of the 230,000 acres of water budget area in Sub-basin B, and 
thus the major portion of the water budget area was included in the 
model. 


The first study area, Watersheds B-5 and B-6, have similar irri- 
gation water supply patterns. These consist of a combination of water 
regulated by reservoir storage, diversions from tributary runoff, and 
water pumped from the groundwater reservoir. Watershed B-7, with 
essentially the entire irrigation water supply regulated by reservoir 
storage, constituted the second study area. The total tributary run- 
off for Watersheds B-5 and B-6 was divided between surface runoff and 
groundwater according to the average annual water budgets during cali- 
bration of the model. The surface and groundwater outflow from Water- 
sheds B-5 and B-6 are inflow into Watershed B-7. For Watershed B-/7, 
all the tributary runoff enters as groundwater. 


Equipment limitations required that the same monthly distribution 
of temperature and precipitation be used for both model segments. The 
temperature and precipitation for the average of Watersheds B-5 and 
B-6 were set on the input potentiometers (since B-5 and B-6 had the 
higher numerical values) and these voltages were adjusted by means of 
a potentiometer to represent the data for Watershed B-7. In each of 
the two model segments, a weighted vegetation growth stage coefficient 
(k,) was obtained for the cropland area and for the wetland area. 


The hydrologic factors which change each month are described be- 
low and the corresponding data are shown in Tables 23a and 23b. 


/ eCanalediversions to the cropland, in acre-feet. 
Irrigation water pumped from wells, in acre-feet. 
Tributary runoff, in acre-feet. 

River inflow, in acre-feet. 

Precipitation, in inches. 
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TABLE 23a.--Hydrologic factors whose values vary monthly - Average annual water supply conditions 
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Tributary Runoff 


2 TRO= 


6. Percent daytime hours. 

7. Weighted vegetation growth stage coefficients for the 
cropland and wetlands. 

8. Temperattine,, 100. 

9, Direct use from groundwater by crops in Watershed B-/7, 
in acre-feet. 


The items in the botton half of Table 23a were used for all irri- 
gation water supply conditions investigated; average annual, 20 percent 
and 80 percent chance. The items in the top half of Table 23a changed 
for each irrigation water supply condition. These values for the 20 
percent and 80 percent chance supply conditions are shown in Table 23b. 


Irrigation efficiencies used for calibration of the Watershed B-/7 
model were taken from the average annual water budget; 45 percent for 
canal and 50 percent for well diversions. The irrigation efficiencies 
for Watersheds B-5 and B-6 were weighted from the individual average 
annual water budgets. The resulting efficiencies were 22.4 percent 
for canal and 40 percent for well diversions. 


The groundwater storage circuit developed for the Sub-basin D 
analog model, was used for this sub-basin. This made it possible to 
observe the monthly change in groundwater storage and groundwater flow 
toithe iriver, (Ficures 9ethnough 14). 


The hydrologic factors which do not change during the year are 
shown in the following table: 
TABLE 24, --Hydrologic factors of constant value for the entire year 


Hydrologic factor Watershed | Unit _ Value 


| | | 
Cropland area B-5 and 6 | acres | 12,250 
B-7 , acres | 61,630 
Wetland area B-5 and 6 acres (12, 38¢ 
) B-7 acres (109 , 120 
Canal water irrigation efficiency | B-5 and 6 ! percent |; 22.4 
B-7 | percent : 45 
Pumped water irrigation efficiency | B-5 and 6 ; percent | 40 
| Be? E 80 
Root zone moisture holding capacity. B-5 and 6 | inches | 10356 
| B-7 | inches | LOSE 
Tributary runoff, surface B-5 and 6 percent | Saree 
Tributary runoff, groundwater | B-5 and 6 / percent 59 0 
| 
Temperature adjustment | B-5 and 6 to B-7 percent 94.0 
: : . | 
Precipitation adjustment | B-5 and 6 to B-7 percent } G02 


24 Gil ce 


HVLN 
NISV@ Y3AINY Y3IARS 


ANddNS Y3AIVM TWOANNY 39VeSAV 


ADVYOLS YALVM AGNNOAD - 1AGOW SOTVNY @ NISVG-aNs 


4-@ G3xHSHaLVM — 
. ee 
\ 


X 


oes-8 Milena. a4 


6 -aynolg 


1335 SY 9DV-S9DVYOLS ASLIVM ANNOYS NI SONVHO 





060° > 


HVLN 
NISVG Y3AIN YSIARS 


AlddNS UAYS1LVM WOANNY ASVYESAV 


SOVIOUS SadntsSiOWs AlOS “sad OWN DOAVYNV a NIiSV a Sdins 


ANNSL INAL 


‘ 
\ 


2-@ JGAHSYALYM 


\ 
x 


9*%S-a Sa3 HSuaivm—— 


Ol ‘aundis 


SAHIONI- 3ADWHYOLS BYNISIOW 110S 





£363 <= 


HVLN 
NISVG Y3SAIN Y3IASS 
AlddNS YWSLVYM AANNY 39VYESAV 


ASN BAILdWNSNOD AILNISLOd GNV1d0OuND - 1ISAGOW DOIVWNY g NISVE-ENS 


2-8 GSAHSYSLVM 


9%S-8 SOSHSYAILVM 


I] sBundis 


9 
2 
O 
v 
r 
> 
Zz 
O 
v 
° 
4 
m 
Zz 
a 
> 
r 
Oo 
oO 
Zz 
a 
c 
z 
v 
a 
< 
m 
G 
wo 
m 
1 
Z 
Oo 
ze 
m 
wo 





HVLN 
NISV8 USAIN Y3IASS 


ANddNS YS1LVM TAVONNY adVeSAV 
BAILIWOSNO*) ONY] L3NA - WZWAOWG %01VNY @ NISvVG -8NG Zl :Bunol4 


‘das ‘ONY A1Ne aNNL ‘Udv 


= 
m 
— 
rT 
> 
Zz 
Oo 
O 
O 
iz 
o 
Cc 
s 
UV 
7m 
< 
m 
Cc 
Yo 
m 


SAHONI 





G5 ¥- 


SAILYVINWOAD 


G3HSe3alvVM 


(Sanvsnons) 19394 JYDV-MO14LNO 


HVLA 
NISV@ Y3AIY Y3IARS 


AlddNS Y43LVM IVANNY J9VesAV 
CMIHLNOW ® 3AILVINWND) MOT4LNO G3HSHaivM - TAGOW SOIWNY @ NISV-gNS £! :auners 


‘33a AON L130 d32s ‘Onv ATA £ anne AVW UdVv BW Wad Nwt 


NOILIGNOD MONS4iNO 3 dvsUNS 
9*eSG@ SdaHsyuslvnr 


= 
> 
— 
m 
A 
Wn 
als 
m 
0 
O 
Cc 
= 
nN 
_ 
O 
= 
1 
> 
O 
A 
m 
Tu 
m 
m 
+ 





- 66 - 


aD 
CG 
<= 
G 
ia 
> 
4 
< 
m 
= 
> 
A 
m 
A 
ow 
me 
m 
0 
O 
cS 
4 
mT 
im 
O 
= 
1 
Dd 
oO 
a 
m 
mn 
mM 
m 
4 


HVLN 
NISV@ Y3SAIN Y3IARS 


A1ddNS YSBLYM WOANNY SOVYHSDIAV 
CATHLNOW ® SAILVINWND)MONSLNO GSHSYHYSLYM - TAGOW DSOTVNV @ NISVG-GNs vl :aunsis 


NOILIGNOD MO1SiNO 3dvsyNsS 
2-8 G3SHSYSLVM 


idad J4OVe = MOS SIO FcasHo ys iv 





IMB F* = 


CONDITIONS INVESTIGATED 


In Sub-basin B, the model was calibrated using data from the aver- 
age annual water budgets. In order to study the effects of various 
levels of water supply, an 80 percent chance and 20 percent chance water 
supply were programmed to represent a dry and wet year, respectively. 
Precipitation, streamflow, canal diversions, and tributary runoff were 
varied to reflect these water supply levels. Canal diversion records 
were used to determine the quantities diverted, the Oak City and Deseret 
Weather Bureau climatological stations were used to adjust precipitation, 
the Chalk Creek streamflow record was used to adjust tributary runoff, 
and the Juab River gage was used to adjust river inflow. 


To allow for additional variability of water supply, various combi- 
nations of the wet, dry, and average water supply years were programmed. 
In all nine cases, the initial conditions for the year preceding those 
studied were for an average water supply year. The nine combinations 
used are as follows: 


(1) Average year following an average year 
(2) Average year following a dry year 

(3) Average year following a wet year 

(4) Dry year following an average year 

(5) Dry year following a dry year 

(6) Dry year following a wet year 

(7) Wet year following an average year 

(8) Wet year following a dry year 

(9) Wet year following a wet year 


Several levels of irrigation efficiency were superimposed on each 
combination. In Watersheds B-5 and 6, the present efficiency of 22.4 
percent and efficiencies of 30 percent, 40 percent and 50 percent were 
programmed. The present efficiency of 45 percent and efficiencies of 
50 percent and 55 percent were programmed for Watershed B-/. 


A pumping project was superimposed on the first, fourth and seventh 
combinations to investigate the effects of increasing the irrigation 
water supply. Under project conditions, only enough water was pumped to 
overcome the deficit and then the resulting effects on groundwater storage, 
soil moisture storage, and outflow were plotted. Table 25 shows the 
increase from average quantities pumped for each irrigation efficiency. 
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SUMMARY OF RESULTS 


To calibrate the Sub-basin B analog model, it was necessary to re- 
duce the wetland vegetative growth stage coefficients (kc) in Watershed 
B-7 by 25 percent. This adjustment was necessary to make the outflow 


correspond with the predetermined outflow values. The ke values are 
shown in Table 23a. 


Calibration of the groundwater reservoir circuits indicated that a 
10,000 acre-foot change in groundwater storage would produce the follow- 
ing change in natural flows from the groundwater reservoirs: 


Watersheds B-5 and 6: 400 acre-feet per month 
Watershed B-7: 40 acre-feet per month 


Because more exact information was not available, these relation- 
ships were considered linear within the range of groundwater fluctuations 
encountered. The two relationships indicate the differences in areal 
extent and hydrologic characteristics of the groundwater reservoirs. 


To balance the model, it was necessary to make 95 percent of the 
surface water outflow from Watersheds B-5 and 6 available for diversion 
in Watershed B-7. The remaining 5 percent was routed to the groundwater 
and wetland area circuits of Watershed B-7. This 5 percent simulated 
the transpiration, evaporation, and seepage losses between the river 
gage near Lynndyl and the points of diversion in Watershed B-/. 


Tables 26 to 29 summarize the measurable effects of the possible 
project conditions outlined above. The deficit and surplus figures 
shown in Table 26 are based on no net change in soil moisture storage 
during the year. 


TABLE 26.-Cropland root zone deficit-Supply minus potential consumptive use 


Irrigation 80% chance Average annual 20% chance 
Watershed efficiency water supply water Supply water supply 
B-5&6 | ZZ Wc -17,200 -10,900 - 1,850 
30% -14,300 - 6,900 eon 
| 40% -10,400 =), 650 +11 ,400 
| 307. - 6,450 +3 0a) +18 ,800 
B-7 | 4.0%, -44 ,900 | -30,100 -13,000 
45% -39,500 -24,100 - 6,400 
50% -34 ,200 -18,200 + 300 
Df -28 ,900 a7 2UU + 6,900 
| 
Note: Negative values are deficits; positive values are surpluses 


TABLE 27.-Change in .groundwater storage due to natural changes in water 
supply conditions 
| Watersheds Watershed 
Bed, & 6 


Water supply condition 








Acre-feet — i ° Acre-feet 

Average Supply year following average 0 0 
Average supply year following dry | + 6,490 - 5,600 
Average supply year following wet - 9,600 + 5,200 
80% chance supply year following average ! -18 ,400 -32 ,400 
80% chance supply year following dry | -11,600 -34 ,800 
80% chance supply year following wet | 

20% chance supply year following average | +26 ,400 -34 ,400 
20% chance supply year following dry +34 ,000 +31,200 
20% chance supply year following wet : +17,200 +41,200 

| 
Note: Changes are measured from beginning to end of year 
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DISCUSSION OF RESULTS 


Figure 15 illustrates the relation between the root zone deficit or 
surplus and the irrigation efficiency for the cropland areas with no net 
change in soil moisture storage during the year. Under natural condi- 
tions, there generally is a difference in the soil moisture storage 
level between the beginning and end of the year. However, a net increase 
should be considered part of the surplus and a net decrease part of the 
deficit. Figure 15 can be used to determine the approximate root zone 
deficit or surplus for any given irrigation efficiency and water supply 
condition. These curves can also be used to determine the amount of 
additional land that can be irrigated or possible reductions in the 
amount of water diverted. 


The Sub-basin B analog model illustrates that the amount of wet- 
land consumptive use is not the same for all levels of water supply. 
When the water supply was reduced in the model to represent the 80 
percent chance supply, the total annual outflow became negative which 
is physically impossible. (See Table 29b.) This indicates the use 
was excessive with respect to the supply. Since the cropland use was 
adjusted for the reduced supply, the wetland use, as computed, must have 
been too high. Although the model did not allow for a reduced wetland 
area use, the change in outflow and groundwater storage shown in Tables 
27 through 29 can still be used to good advantage by recognizing that 
part of the change would actually be a reduction in wetland use. 


Since the outflow from Watersheds B-5 and 6 becomes the inflow 

into Watershed B-7, some of the effects of project measures in B-5 and 6 
would be carried over into B-7. Tables 28a and 29a reflect the project 
effects in B-7 as well as carry-over effects from B-5 and 6. When com- 
puting the results displayed in Tables 28b and 29b, Watershed B-5 and 6 
irrigation efficiencies of 22.4 percent, 40 percent and 50 percent were 
used to correspond to the 45 percent, 50 percent and 55 percent effi- 
ciencies of B-/. 


Analysis of the data in Tables 27, 28a and 28b reveals several 
significant relationships relative to changes in groundwater storage 
caused by improving irrigation efficiencies and by natural variations 
in water supply. Table 30 shows these relationships. However, if the 
resultant changes in wetland consumptive use were accounted for, the 
figures would be slightly reduced. Also, these relationships are valid 
only until the cropland root zone is filled. After that, increased 
irrigation efficiency has much less additional effect on the ground- 
water storage level. 
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TABLE 30.--Generalized changes in groundwater storage caused by different 
supply variations 





Resultant change in storage 


Watersheds Watershed 
Type of variation |B-5 and 6 B-7 


ern: | Acre-feet 


Increase in irrigation efficiency: 






-6 ,000 | -19,000 


LO in B=5) 636" and 57, in, B-/ 

Change from average water supply: 
to 80% chance (dry) -18,000 -32 ,000 
to 20% chance (wet) +26 ,000 +34 ,000 


Change of supply in previous year: 


from average to wet or dry (eottO, 000 +6 , 000 
| 18 ere 


A pumping project to overcome the root zone deficit showed about 
the same effect on groundwater storage regardless of irrigation effi- 
ciency as potential consumptive use was satisfied in all cases. In 
Watersheds B-5 and 6, such a pumping project reduced the groundwater 
storage about 18,000, 10,000 and 7,000 acre-feet for 80 percent chance, 
average, and 20 percent chance water supplies, respectively. In Water- 
shed B-7, these changes were 54,000, 25,000 and 28,000 acre-feet for 
the corresponding water supplies. The figures for Watershed B-/ reflect 
the project effects in both areas. The increase in quantities pumped 
for each water supply condition are shown in Table 25. 


Table 31 shows the changes in outflow caused by changing irrigation 
efficiencies and by natural variations in water supplies. The limita- 
tions discussed in connection with Table 30 also apply to the change in 
outflow relationships shown here. Only annual outflow figures are shown 
in Tables 29a, 29b and 31 because they are primarily groundwater flows 
and nearly uniform throughout the year. 


The figures in Tables 30 and 31, even though they are approximate, 
illustrate how natural variations in water supply could have greater 
effects on such hydrologic factors as groundwater storage and watershed 
outflow, than a water conservation or development project installed 
within the watershed. This could cause difficulty in measuring the 
effects of an installed project. The relation developed in this study 
would be helpful in predicting what those effects would be, where to 
look for them, and their probable magnitude. 
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TABLE 31.--Generalized changes in outflow caused by differenct supply 
conditions 





Resultant change in outflow 









Watershed 
B-7 









Type of variation 









\Acre-feet Acre-feet 
Increase in irrigation efficiency | 
10% in B-5 & 6 and 5% in B-7 i 1298700 -700 
Change from average water supply 
to 80% chance (dry) ' -5,000 -15,000 
to 20% chance (wet) | +7,000 +8 , 000 
| 
Change of supply in previous year 
from average to wet or dry | +8,000 +2 ,000 
Pumping project 
Average water supply fp e2,. 000 -800 
80% chance water supply -6,500 -1,600 


20% chance water supply -1,100 
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SUB-BASINS A, C AND D ANALOG MODELS 


DESCRIPTION OF THE MODELS 


A generalized analog model of the valley portions of Sub-basins 
A and C and Watersheds D-1 through D-5 was programmed to study the 
hydrologic interrelationships and effects of possible projects. 
This model was designed to analyze project coordination between 
these areas and to investigate the effect on wetland areas of water 
conservation projects installed on the adjacent cropland. Since 
this was the last model programmed, it included all of the circuit 
improvements developed for previous models along with a new circuit 
analyzing the reduction in wetland consumptive use as the ground- 
water supply is reduced. This new circuit is described in detail 
later. 


General Hydrologic Simulation.-- The circuitry consisted of a gen- 
erazlized hydrologic model of each of the three sub-basins, inter- 


connected so that the outflow, both surface and groundwater, from 
Sub-basins A and D became the inflow into Sub-basin C. Outflow 
from Sub-basin C corresponded to the inflow into Sevier Bridge 
Reservoir. The model of each sub-basin consisted of circuits simu- 
lating the cropland area, wetland area and groundwater basin with 
the inputs, water supply depletions, and outflows needed to repre- 
sent each area, It was necessary to use the same monthly distri- 
bution of precipitation, tributary runoff, cropland potential 
consumptive use, and wetland potential consumptive use for all three 
sub-basins. (Figures 16 through 22). 
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The data used to describe the hydrologic conditions of Sub- 
basins A, C and D were the same as that developed for the average 
annual water budgets with minor adjustments. Factors with variable 
monthly values are described below with the corresponding data 
shown in Table 32. 


1. Total canal diversions to the cropland, in acre-feet. 


2. Irrigation water pumped from wells plus direct use from 
groundwater by crops growing over a shallow water table, 
in acre-feet, 


3. Cropland potential consumptive use, in inches, for Sub- 
basin C (the same values were used for Sub-basin D but 
were adjusted in the model for Sub-basin A). 


Cweeniverwiinitlow, ineacre-feet . 


5. Tributary runoff, in acre-feet, for Sub-basin A (these 
values were adjusted in the model for Sub-basins C and 
Ds 


6. Precipitation, in inches, on the Sub-basin A cropland 
area (the same values were used for Sub-basin C crop- 
land but were adjusted on Sub-basin D cropland and on 
all wetland areas). 


J/,ueWectland potential consumptive use, in inches,..for Sub- 
basin C (the same values were used for Sub-basin D but 
were adjusted for Sub-basin A). 


8, Distribution of the wetland potential consumptive use, 
in percent per month. 


9, Releases from, and groundwater flow past Gunnison 
Reservoir, in acre-feet. 


10. Difference between evaporation and precipitation on 
Gunnison Reservoir, in inches. 


The outflow from Sub-basins C and D and the change in storage and 
capacity of Gunnison Reservoir were used for calibration purposes 
but were not programmed into the model. 


The hydrologic values which did not change daring the year are 
shown in Table 33. Those values of reasonable accuracy not changed 
during the calibration of the model are described on the following 


page. 
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TABLE 32.-Hydrologic factors which vary monthly 
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TABLE 33.--Hydrologic factors of constant value for the entire year 


Description of factor 


Cropland area (acres) 
Sub-basin 
Sub-basin 
Sub-basin 

Wetland area 
Sub-basin 
Sub-basin 
Sub-basin 

Soil moisture-holding 

capacity (inches) 
Sub-basin A 
Sub-basin C 
Sub-basin D 

Canal water irrigation 

efficiency (percent) 
Sub-basin A 
Sub-basin C 
Sub-basin D 

Pumped water irrigation 

efficiency (inches) 
Sub-basin A 
Sub-basin C 
Sub-basin D 

Percent of outflow as 

surface water 
Sub-basin D 

Percent of outflow as 

groundwater 
Sub-basin D 

Tributary runoff adjustment 
Sub-basin C 
Sub-basin D 

Cropland consumptive use 

adjustment 
Sub-basin A 

Wetland consumptive use 

adjustment 
Sub-basin A 

Precipitation adjustment- 

cropland 
Sub-basin D 

Precipitation adjustment- 

wetland 
Sub-basin A 
Sub-basin C 
Sub-basin D 

Percent of surface flow 

tributary runoff 
Sub-basin C 
Sub-basin D 

Percent of groundwater 

flow tributary runoff 
Sub-basin C 
Sub-basin D 

Flow from groundwater basin 
Sub-basin A 
Sub-basin C 
Sub-basin D 


Factor to convert change in 
groundwater storage to change 
in consumptive use 

Sub-basin A 

Sub-basin C 

Sub-basin D 
Average groundwater level 

Sub-basin A 

Sub-basin C 

Sub-basin D 


acres) 


Garn- vo PSP 


Potentiometer 


number 


32 
Zl 
26 


55 
50 


57 
52 


bli 


38 


oi 
35 
i 


22 
10 


65 
20 
is} 


43 
34 
29 


Ta 
17 
16 


Actual 
value 


53,400 
48,500 
39,760 


47,140 
14,020 
8,600 


8.68 
9.00 
8.68 


40.0 
42.0 
36.0 


90.0 


10.0 


0.669 
0.365 


05935: 


OF723 


0.726 


OMA 
OR 29, 
0.687 


OF 52 
0.62 
O95 


Syne 
33.4 
BOL 


Potentiometer 
setting* 


ZW, 
LoD 
Zale 


Se 
14.7 
ial) 


20.0 
ZO 
18.0 


45.0 


26.0 
SiO 
47.5 


32a 
33.4 
30m: 


Arm voltage when high side was connected to 50 volts. 


brhis factor was combined with another tributary runoff factor. 


°These factors were combined with acreage adjustment factors. 


= 900 


1. Cropland and wetland areas, in acres. 


2. Root-zone moisture holding capacity of the cropland, 
in inches. 


3. Canal and pumped irrigation water efficiencies. 


4, Ratio of groundwater to surface water outflow from Sub- 
basin D into Sub-basin C. 


5. Ratio of the normal amnual tributary runoff in Sub-basin 
A to that in Sub-basin C and in Sub-basin D.. 


6. Ratio of the cropland annual potential consumptive use 
in Sub-basin C to Sub-basin A. 


7, Ratio of the wetland annual potential consumptive use 
in Sub-basin C to Sub-basin A. 


8. Ratios of annual precipitation on Sub-basins A and C 
cropland to that on Sub-basin D cropland and on the 
wetland areas. 


Inadequate information required preliminary estimates of some 
values. These were then determined more accurately by trial and error 
during the calibration of the model. These values were: 


1. The percent of tributary runoff which enters the valley as 
surface flow and as groundwater flow in each sub-basin. 


2. The relationship between the amount of groundwater in 
storage and the flow from the groundwater basin into 
the river. 


3. The relationship between a change in groundwater storage 
and the resulting change in wetland consumptive use. 


4, The average groundwater level for each sub-basin. 


Groundwater Reservoir Circuit.--The circuits used to simulate the 
groundwater reservoirs for each of the three sub-basins were made 
up of an integrating circuit functioning as a storage device. This 
circuit would sum the inflows to and outflows from the groundwater 
reservoirs and indicate the volume change in storage. A potentio- 
meter setting provided an approximate relationship between the flow 
from the groundwater reservoir and the volume of water in storage. 


Wetland Area Circuit.--The analog model for Sub-basins A, C and D 
was the first attempt made to program the reduction in wetland 
consumptive use resulting from a reduction in the groundwater res- 
ervoir level. As originally developed, the system did not allow 


for a variation in wetland consumptive use. This had been recog- 
nized as a problem, especially when extensive pumping projects 
were investigated. Although the solution was approximate, more 
satisfactory results were obtained. 


The reduced volume in groundwater storage was used to indi- 
cate both the lowering of the water table and the reduction in 
artesian pressure whether caused by a reduced supply to or an 
increased use from the groundwater reservoir. The resulting 
change in the volume of water consumed is caused both by a decrease 
in acreage of the wetlands and by a reduction in on-site rates. 

The method used to simulate this situation did not separate the 
amount of consumptive use change which resulted from each source, 
but assumed a volume change in use would result from a computed 
volume change in groundwater storage, 


To accomplish the purpose of this study, it was necessary to 
develop an equation which would not only simulate the relationship 
between a change in groundwater storage and a change in wetland 
consumptive use, but which would also be convenient to program on 
analog computer type equipment. The equation used for the Sub- 
basin A, C and D model was: 


CU=PCU - | cane) (GWayg Mp) | 


where CU = actual consumptive use by months in the 
wetland area 


PCU = potential consumptive use by months com- 
puted for the area based on non-project 
conditions. 


C = factor to convert a change in groundwater 
storage to change in consumptive use. 


lI 


MPCU the percent that each month's potential 
consumptive use is of the total annual 


potential consumptive use. 


GWay = average groundwater storage level as com- 
puted in the model for non-project con- 
ditions. 


GW, = groundwater storage level as computed in 
the model for project conditions. 


The MPCU factor was included because the actual reduction in 
consumptive use for any one month is related to the potential use 
for that month as well as to the change in groundwater storage 
from the average. 


The average groundwater storage levels were determined by 
calibrating the analog model with the consumptive use adjustment 
circuits disconnected and using non-project conditions. This 
established a standard from which changes in groundwater storage 
under project conditions could be measured. With the consumptive 
use adjustment circuits connected, the potentiometer settings "'C"' 
and the various amplifier gains within the circuits were adjusted 
as necessary to produce the approximated relationship between the 
change in groundwater storage and the change in wetland consumptive 
use shown in Table 34, 


This relationship was considered linear within the range of 
variations encountered. The reduction in consumptive use is dif- 
ferent in each of the three sub-basins for the same reduction in 
groundwater storage because of varying ratios between the wetland 
area and the groundwater basin. 


CONDITIONS INVESTIGATED 


For the combined Sub-basins A, C and D analog model, only the 
average annual level of water supply and use was programmed. Vari- 
ous types of pojects and levels of project improvements were pro- 
grammed and the results analyzed in order to obtain a range of 
hydrologic effects on the area. The range of effects thus obtained 
can be utilized when the impacts of any particular project are 
being investigated. 


The conditions imposed are described below: 


1. A canal diversion to root-zone irrigation efficiency 
of 40 percent with no change in cropland acreage or 
pumped irrigation water efficiency. 


2. A canal diversion to root-zone irrigation efficiency 
of 50 percent with no change in cropland acreage or 
pumped irrigation water efficiency. 


3. Same as condition 1 with diversions reduced until the 
supply to root-zone equaled the consumptive use. 
(Table"35). 


4, Same as condition 2 with diversions reduced until the 
supply to root-zone equaled the consumptive use and 
eliminating direct use from groundwater by irrigated 
crops. (Table 35). 


5. Canal irrigation water use efficiency of 40 percent, 
pumped irrigation water efficiency of 50 percent, 
average annual canal diversions, no direct use from 
groundwater by irrigated crops, increased cropland 
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area of 10,000 acres in Sub-basin A and D and 15,000 acres 
in Sub-basin C, and increased pumped water volumes as shown 
in Table 36. 


Os Same as for condition 5 except with canal irrigation water 
use efficiency of 50 percent (Table 36). 


TABLE 36.--Increased average diversions pumped from wells for con- 
ditions 5 and 6% 






Sub-basin 







Ac. ft. |Ac. ft. 





Condition 5 








| 













| 
| 
A 6,500 ; 12,000] 12,000} 11,000 | 44,500 
G 6,000 | 12,500} 15,000] 15,000 | 5,000! 53,500 
D 6,000 | 13,000} 15,000] 15,000 | 5,500! 54,500 
Condition 6 | 
| 3,000 4,000 ,000| 4,000 | 1 ,000| 16,000 
C - 3,000 7,000} 6,000 ! 2,000 18,000 
| - 3,000 /* 8,500] 8,000 | 2,0001) 21,500 


“See condition 5 on page 93 and condition 6 above. 


SUMMARY OF RESULTS 


During the calibration of the Sub-basins A, C and D analog 
model, it was determined that the cropland consumptive use deficit 
varied from the deficit as computed in the average annual water 
budgets by the amounts shown in Table 37. 


TABLE 37.--Cropland deficits for average water supply 






















Analog study Average annual water budgets 








Sub-basin deficit Surplus Difference 
Ac. ft. Ac. ft. 

A 1S 3750 1,990 Lar ou 

B 9,090 Deo ec 


a. 290 


Osa. 





The analog model study deficits were determined by combining 
the irrigation water supplies and uses for the total cropland area 
of each sub-basin. The average annual water budget deficits and 
surpluses were determined for each watershed and then totaled for 
the sub-basin. Therefore, the differences between the deficits 
and surpluses from the average annual water budgets should be com- 
pared with the deficits from the analog study. The small discrep- 
ancies observed in this comparison were due to errors inherent in 
the analog equipment. 


The relationships between tributary surface water and ground- 
water runoff determined during calibration were 60 percent surface 
water flow and 40 percent groundwater flow for Sub-basin D and 75 
percent surface water flow and 25 percent groundwater flow for Sub- 
basin C. Sub-basin A could not be calibrated using any set per- 
centages for the entire year. In Sub-basin A, the total tributary 
runoff for March through October was routed as surface water flow 
and as groundwater flow for the balance of the year. This situation 
indicates that a high percentage of the tributary runoff (more than 
90 percent) comes as surface water flows. During the winter months 
the surface water flow is diverted into the irrigation systems for 
stock water purposes and eventually seeps into the groundwater 
reservoir. This winter stock water was included in the irrigation 
diversions in the Sub-basins C and D data but not in the Sub-basin 
A data. 


Calibration of the model showed that a 10,000 acre-foot change 
in the volume of groundwater storage in each sub-basin produced the 
following monthly change in return flows to the river: 


Sub-basin A - 150 acre-feet 
Sub-basin C - 600 acre-feet 
Sub-basin D - 500 acre-feet 


Due to a lack of more exact information these relationships were 
considered linear in the range of changes in groundwater storage 
encountered in this study. The different relationships resulted 
from differences in areal extent of the groundwater reservoirs and 
differences in groundwater basin characteristics. 


In order to calibrate the Sub-basin A portion of the model, 
it was necessary to change the monthly distribution of the tribu- 
tary runoff from that used for the average annual water budgets. 
It should be noted the change was only in time distribution and 
not in total annual volume. 


Tables 38 through 41 give a montly and annual summary of the 
measureable effects of the project conditions previously discussed. 
Each table shows the results of the average annual and changed proj- 
ect conditions. The results of the average annual and conditions 1 
and 2 are shown in Table 38. 





8Conditions investigated, pages 93 and 95. 
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DISCUSSION OF RESULTS 


The results presented in Tables 38, 39 and 40 are based on the 
situation which would have existed had the particular condition be- 
ing investigated been in effect during the entire period. Each time 
the model was changed to represent a new set of conditions, the hy- 
drologic factors, such as groundwater storage and soil moisture 
storage, were allowed to reach equilibrium before any results were 
plotted. According to the analog model, it would take 5 to 7 con- 
secutive average years after a change in conditions was initiated 
to reach this equilibrium situation. The length of time to reach 
equilibrium in the prototype would be difficult to determine since 
nature is in a constant state of variation and the effects of 
natural variations may hide the effects of man made changes. 


By examining Table 41, it is apparent the change in groundwater 
storage, due to the various conditions programmed, is not constant 
throughout the year. This occurs because the timing of flow into 
the groundwater reservoir is changed under the various conditions 
programmed. Since the amount of change in groundwater storage is 
not constant during the year, it is difficult to determine the 
average change for the year. However, the amount of change during 
the high consumptive use period is more significant than during 
the rest of the year, and the amount of change on July 1 is a good 
indicator of this period. 


Because of the way in which this model was studied; that is, 
by allowing it to reach a state of equilibrium before plotting the 
results, there was no change in groundwater storage from the be- 
ginning to the end of the year. Figure 23 illustrates the results 
shown in Table 38. The efficiency at which no deficits will occur 
with an average water supply can be found from these curves by 
observing the efficiency at which each curve crosses the zero 
deficit line. For a smaller supply, higher efficiencies would have 
to be attained to overcome the deficits on the same amount of crop- 
land: 


The curves of Figure 23 can also be used to determine the 
amount of root-zone surplus at any specified efficiency. This 
surplus figure can be used to determine either the approximate 
amount by which the diversions could be reduced, or the increase 
in cropland acreage which could be irrigated. Table 42 illus- 
trates sthis:. 
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TABLE 42.--Diversion reduction or acreage increase 


Potential 
consumptive use 










Diversion 
reduction 










Root=-zone 
surplus 


Increased 


Sub-basin acreage 
























Inches Acre-feet Acre-feet Acres 
A 27.88 14,000 | 31,100 6,000 
C 29.82 23,800 | 52,900 9,600 
D 29.82 | 12,000 | 26,700 | 4,800 


Pay eee eee eee 
Note: Figures in table based on 45 percent irrigation effi- 
ciency. 


Unless storage is available, these surpluses could not supply 
the increased acreages, because the surplus occurs only during the 
high runoff period and in some cases, during the winter months. 
There is another complicating factor in this analysis. When these 
surpluses are used elsewhere and not allowed to enter the ground- 
water reservoir, the water table is lowered and the cropland direct 
use from groundwater is reduced causing an increased demand on the 
surface water supplies to meet potential consumptive use. The 
analog model used in this study did not compensate for this re- 
duction in cropland use direct from groundwater. To determine this, 
a further refinement of the analog model program is needed. If 
through further field investigations the reduction in cropland use 
from groundwater can be estimated, that amount should be subtracted 
from the surplus figures in Table 42 before computing diversion 
reduction or acreage increase. 


Changes from the average wetland consumptive use and sub-basin 
outflow as computed by the model for the various conditions described 
previously are shown in Tables 39 and 40. The outflow from Sub- 
basin A, which is the outflow from Gunnison Reservoir, was determined 
assuming no net change in reservoir storage from the first of the 
year to the end of the year. Where there was considerable change 
during the year due to the different projects, the outflow was ad- 
justed to reflect no net change. 


The effect of increasing irrigation efficiency to overcome the 
deficits (Table 38) was divided between the wetland consumptive 
use and the outflow from each sub-basin. When the present irriga- 
tion efficiencies were increased to 40 percent, the time distribu- 
tion as well as the quantity of outflow was changed. However, when 
the efficiency was increased beyond that necessary to overcome the 
deficits, there was no significant change in the annual quantities 
of outflow or consumptive use. There was a change in the time dis- 
tribution of outflow from Sub-basins C and D, but the timing change 


= LO3)«- 











in Sub-basin A outflow was absorbed in Gunnison Reservoir. This 
timing change generally increased the percentage of the sub-basin 
outflow which comes in the winter and spring months and decreased 
the late season irrigation supplies downstream. 


The effects of conditions 3 and 4 on the outflow and wetland 
consumptive use illustrates the: possibility of: overcoming. the. con- 
sumptive use deficits on the cropland acreage with no decrease in 
annual outflow. By increasing the irrigation efficiency and di- 
verting only enough to supply the consumptive needs of the cropland 
and maintain an annual balance of soil moisture, the outflow could 
be maintained at the present annual level, and in some cases in- 
creased. The reduction of irrigation water losses would cause a 
lowering of the water table and the resulting decrease in wetland 
consumptive use would offset the increased cropland use and increase 
in outflow, if any. Under these conditions, the outflow is increased 
during periods of excess supply but is reduced the balance of the 
year through less return flows. This increase in seasonal fluctua- 
tion of river flow indicates a need for storage, either surface or 
groundwater, to make this type of project effective. 


For the pumping projects investigated in this model, the re- 
ductions in outflow were quite uniform throughout the year in Sub- 
basins C and D and would have been in Sub-basin A except for the 
effect of Gunnison Reservoir. The decrease in groundwater and 
resulting reduced outflow came from the increase in irrigation 
efficiency and increased pumping activity. Increased pumping of 
irrigation water supplemented the present canal diversions so that 
additional cropland acreage could be irrigated without incurring 
deficits. As far as the effects on the wetland consumptive use and 
sub-basin outflow was concerned, it didn't seem to matter whether 
condition 5 or condition 6 was the project instituted. The only 
difference being the method of increasing the root-zone water sup- 
ply. The more feasible method would have to be determined through 
an economic analysis. 


From this study, it appears that the most effective type of 
coordinated project would be a combination of increasing irrigation 
efficiency, increasing irrigation water pumped, and reducing excess 
diversions, if any. If the groundwater reservoir were utilized 
more effectively by pumping when additional water was needed and 
recharging during periods of excess, the seasonal and yearly fluctu- 
ations of water supply could be nearly eliminated. However, such 
a program would greatly reduce the wetland consumptive use along 
with the forage production. Also, it might prove necessary to 
pump directly into the river to meet downstream uses. However, the 
overall economic benefits from a stabilized cropland acreage and 
water supply may prove such a project extremely beneficial. 
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